Introduction
Carotenoids are integral and essential components of the photosynthetic apparatus in all plants, algae, and cyanobacteria, in which they efficiently quench triplet chlorophyll, singlet oxygen, and superoxide anion radicals (Cunningham and Gantt, 1998; Goodwin, 1980) . In plants, carotenoids also dissipate excess light energy absorbed by the antenna pigments, harvest light for photosynthesis, and are exploited as coloring agents in flowers and fruits to attract pollinators and agents of seed dispersal (Cunningham and Gantt, 1998; Goodwin, 1980) . In addition, epoxy-carotenoids, e.g., 9-cisviolaxanthin and 9'-cis-neoxanthin, can be metabolized to a plant hormone, abscisic acid (ABA) (Rock and Zeevaart, 1991) .
The pathway of carotenoid biosynthesis in plants is illustrated in Figure 1 (Cunningham and Gantt, 1998; Isaacson et al., 2002; Park et al., 2002; Ronen et al., 1999) . The first committed step is a head-to-head condensation of two molecules of geranylgeranyl pyrophosphate (GGPP; C 20 ) to form phytoene (C 40 ) catalyzed by phytoene synthase (PSY). Phytoene desaturase (PDS) and ζ-carotene desaturase (ZDS) introduce four double bonds into phytoene to produce lycopene via phytofluene, ζ-carotene, and neurosporene. In these desaturations to yield all-trans-lycopene, carotenoid isomerization occurs by carotenoid isomerase (Isaacson et al., 2002; Park et al., 2002) . The cyclization of lycopene is a crucial branching point in this pathway, yielding α-carotene with one ε-ring and one β-ring and β-carotene with two β-rings. In this pathway, two cyclases, namely, lycopene β-cyclase (LCYb) and lycopene ε-cyclase (LCYe), are responsible for these reactions (Cunningham et al., 1996) . α-Carotene is converted into lutein by sequential hydroxylations, which are catalyzed by ε-ring hydroxylase and β-ring hydroxylase (HYb). β-Carotene is converted to zeaxanthin via β-cryptoxanthin (β-cry) by two-step hydroxylation, which is catalyzed by HYb. Furthermore, zeaxanthin is converted to violaxanthin via antheraxanthin by zeaxanthin epoxidase (ZEP).
Carotenoids are metabolized to apocarotenoids through the pathway catalyzed by carotenoid cleavage dioxygenases. CCD1 catalyzes symmetrical 9-10 and 9'-10' cleavages of multiple carotenoid substrates to form a C 14 dialdehyde and two C 13 products, which vary depending on the carotenoid substrate (Schwartz et al., 2001 ). Nine-cis-epoxycarotenoid dioxygenase (NCED) catalyzes the cleavage of 9-cis-violaxanthin or 9'-cisneoxanthin to form a C 25 epoxy-apocarotenal and xanthoxin (C 15 ), a precursor of ABA (Fig. 1, Schwartz et al., 1997 Schwartz et al., , 2003 .
Citrus fruit exhibited bright yellow or orange colors in both the flavedo (peel) and juice sacs (pulp). These colors are mainly attributed to β,β-xanthophyll (β-cry, zeaxanthin, all-trans-violaxanthin, and 9-cis-violaxanthin) accumulation. The carotenoid concentration and composition of citrus fruit vary greatly among varieties and depend on the growing conditions (Gross, 1987) . In a previous report, we investigated the gene expression regulating the carotenoid concentration and composition during fruit maturation using three varieties, namely, satsuma mandarin (a variety accumulating β-cry), 'Valencia' orange (a variety accumulating violaxanthin), and 'Lisbon' lemon (a variety accumulating small amounts of carotenoids) (Kato et al., 2004) . In our report, the carotenoid concentration and composition in the flavedo and juice sacs of these three varieties were analyzed during fruit maturation. Eight carotenoid biosynthetic genes (CitPSY, CitPDS, CitZDS, CitCRTI-SO, CitLCYb, CitHYb, CitZEP, and CitLCYe) (Fig. 1 ) and three carotenoid cleavage dioxygenase genes (CitCCD1, CitNCED2, and CitNCED3) (Fig. 1 ) related to carotenoid catabolism were cloned from the three varieties to analyze their gene expression during fruit maturation (Kato et al., 2004 (Kato et al., , 2006 . The results clearly showed that the mechanism causing the diversity of carotenoid accumulation among the three citrus varieties was closely related to the expression of carotenoid biosynthetic genes and carotenoid cleavage dioxygenase genes.
Some carotenoids serve as precursors for vitamin A, which play an essential role in human and animal diets and as antioxidants, which play a role in reducing the risk of certain forms of cancer (Olson, 1989) . Recently, the function of β-cry for human health has been studied (Männistö et al., 2004; Yuan et al., 2003) . These studies suggested that high levels of dietary β-cry were associated with a reduced risk of lung cancer. In addition, another study showed that β-cry stimulated bone formation and inhibited bone resorption in tissue culture in vitro (Yamaguchi and Uchiyama, 2004) . Thus, we concluded that β-cry was beneficial to human health. However, the dietary sources of β-cry are limited to the fruit of some species, such as satsuma mandarin, ponkan mandarin, papaya, and loquat (Yano et al., 2005) . 'Tamami,' a hybrid between 'Kiyomi' tangor (Citrus unshiu Marc. × Citrus sinensis Osbeck) and 'Wilking' mandarin (Citrus nobilis Lour. × Citrus deliciosa Ten.), is rich in β-cry, accumulating approximately 20 µg·g −1 of β-cry. The level of β-cry in the juice sacs of 'Tamami' was higher than that in the juice sacs of satsuma mandarin, which accumulates 13.5-19.5 µg·g −1 of β-cry (Yano et al., 2005) . To improve the concentration of β-cry in citrus juice sacs, it is important to understand the mechanism of β-cry accumulation in a β-cry-rich variety, such as 'Tamami. ' In the present study, during fruit maturation, the concentration and composition of carotenoids were investigated in the juice sacs of three varieties, 'Tamami,' 'Kiyomi' tangor, and 'Wilking' mandarin. The results were the first to show that 'Tamami' accumulated a high level of β-cry during fruit maturation. cDNAs related to linear carotenoid biosynthesis (CitPSY, CitPDS, and CitZDS), cDNAs related to cyclization (CitLCYb and CitLCYe), cDNAs related to hydroxylation and epoxidation (CitHYb and CitZEP), and cDNA related to carotenoid catabolism (CitCCD1, CitNCED2, and CitNCED3) were cloned from the three citrus varieties. The expression of these genes was analyzed during fruit maturation in the juice sacs of the three citrus varieties. In addition, the expression of genes related to carotenoid biosynthesis and carotenoid catabolism was compared among 'Tamami' and its parental varieties ('Kiyomi' tangor and 'Wilking' mandarin) to elucidate the mechanism of the high level of β-cry accumulation in 'Tamami' during fruit maturation. On the basis of the gene expression profiles among three varieties, the mechanism of β-cry accumulation in the juice sacs of 'Tamami' was discussed.
Materials and Methods

Plant materials
'Tamami,' a hybrid between 'Kiyomi' tangor (Citrus unshiu Marc. × Citrus sinensis Osbeck) and 'Wilking' mandarin (Citrus nobilis Lour. × Citrus deliciosa Ten.), and its parent varieties, 'Kiyomi' tangor and 'Wilking' mandarin cultivated at the National Institute of Fruit Tree Science, Department of Citrus Research, Okitsu, Shizuoka, Japan, were used as materials. Fruit samples were collected periodically from September to February for the three varieties. Juice sacs of the three varieties were separated from the sampled fruits, immediately frozen in liquid nitrogen, and kept at −80°C until use.
Carotenoid quantification in citrus fruit
Carotenoid identification, extraction, and quantification in citrus fruit have been described previously (Kato et al., 2004) . To quantify carotenoids, three different gradient elution schedules of HPLC were used (Kato et al., 2004) . Phytoene, ζ-carotene, lycopene, β-carotene, β-cry, zeaxanthin, all-trans-violaxanthin, 9-cisviolaxanthin, α-carotene, and lutein were quantified in the juice sacs of 'Tamami,' 'Kiyomi' tangor, and 'Wilking' mandarin during fruit maturation. The contents of carotenoids were expressed as µg·g −1 fresh weight. Carotenoid quantification was performed in three replicates.
Isolation and sequence analysis of citrus carotenoid biosynthetic genes and carotenoid cleavage dioxygenase genes Total RNA was extracted from 'Tamami,' 'Kiyomi' tangor, and 'Wilking' mandarin according to the method described by Ikoma et al. (1996) . First-strand cDNA was synthesized from 5 µg of the total RNA with the ReadyTo-Go T-Primed First-Strand Kit (Amersham Biosciences, Little Chalfont, UK). For each variety, the cDNA fragments of carotenoid biosynthetic genes and Total RNA extraction and real-time quantitative RT-PCR Total RNA was extracted from the juice sacs of 'Tamami,' 'Kiyomi' tangor, and 'Wilking' mandarin at different growing stages according to the method described by Ikoma et al. (1996) . The total RNA was cleaned up using the RNeasy Mini Kit (Qiagen, Hilden, Germany) with DNase digestion on a column according to the manufacturer's instruction. Reverse transcription was performed with 2 µg of purified RNA and random hexamer in 60 min at 37°C using TaqMan Reverse Transcription Reagents (Applied Biosystems).
TaqMan MGB probes and sets of primers for CitPSY, CitPDS, CitZDS, CitLCYb, CitHYb, CitZEP, CitLCYe, CitCCD1, CitNCED2, and CitNCED3 were designed on the basis of the common sequences among the three varieties for each gene with Primer Express software (Applied Biosystems) ( Table 2) . For an endogenous control, TaqMan Ribosomal RNA Control Regents VIC Probe (Applied Biosystems) was used. TaqMan realtime PCR was carried out with TaqMan Universal PCR Master Mix (Applied Biosystems) using ABI PRISM 7000 (Applied Biosystems) according to the manufacturer's instruction. The thermal cycling conditions were 95°C for 10 min followed by 40 cycles of 95°C for 15 s and 60°C for 60 s. The levels of gene expression were analyzed with ABI PRISM 7000 Sequence Detection System Software (Applied Biosystems) and normalized with the results of 18S ribosomal RNA. Real-time quantitative RT-PCR was performed in three replicates for each sample.
Results
Changes in the carotenoid concentration and composition in the juice sacs The levels of β,β-xanthophylls increased from September in the juice sacs of the three varieties (Fig. 2) . In 'Kiyomi' tangor, β-cry accumulated predominantly in February (44.4% of the total identified carotenoids), in which the level was at its maximum (6.7 µg·g −1 , Fig. 2 ). Other β,β-xanthophylls, such as all-transviolaxanthin and 9-cis-violaxanthin, accounted for 4.5% and 16.4% of the total identified carotenoids, respectively. In 'Tamami,' β-cry accumulated predominantly in January (56.7% of the total identified carotenoids), in which the level was at its maximum (20.1 µg·g −1 , Fig. 2 ). Other β,β-xanthophylls, such as alltrans-violaxanthin and 9-cis-violaxanthin, accounted for 4.7% and 9.2% of the total identified carotenoids, respectively. In 'Wilking' mandarin, 9-cis-violaxanthin accumulated predominantly in November (59.4% of the total identified carotenoids), in which the level was at its maximum (14.9 µg·g −1 , Fig. 2 ). Other β,β-xanthophylls, i.e., β-cry and all-trans-violaxanthin, accounted for 19.2% and 13.4% of the total identified carotenoids, respectively. The levels of the upstream carotenoids (phytoene, ζ-carotene, and β-carotene) increased after October in the juice sacs of the three varieties (Fig. 2) . In 'Tamami,' the increased levels of phytoene and β-carotene were much higher than those in 'Kiyomi' tangor and 'Wilking' mandarin. The level of lutein was observed in the juice sacs of the three varieties. In 'Wilking' mandarin, the level of lutein was higher than those in two other varieties (Fig. 2) . The levels of lycopene and α-carotene were not detected throughout the experimental period in the three varieties (data not shown). Thus, these results indicated that 'Tamami' accumulated a much higher level of β-cry than its parental varieties, 'Kiyomi' tangor and 'Wilking' mandarin, in mature fruit.
Changes in the expression of carotenoid biosynthetic genes and carotenoid cleavage dioxygenase genes in the juice sacs We cloned and sequenced the cDNA fragments of CitPSY, CitPDS, CitZDS, CitLCYb, CitHYb, CitZEP, CitLCYe, CitCCD1, CitNCED2, and CitNCED3 from 'Tamami,' 'Kiyomi' tangor, and 'Wilking' mandarin. From the results of these sequences, a TaqMan MGB probe and a set of primers were designed for the respective genes on the basis of the common sequence of cDNA fragments among the three citrus varieties (Table 2) . With the TaqMan MGB probes and sets of primers, real-time quantitative RT-PCRs were performed to investigate the expression of the carotenoid biosynthetic genes and genes for carotenoid cleavage dioxygenases in the juice sacs of the three citrus varieties during fruit maturation.
In 'Kiyomi' tangor, the gene expression of CitPSY, CitPDS, CitZDS, CitLCYb, CitHYb, and CitZEP, which constitute a necessary set of genes to produce β,β-xanthophylls, increased noticeably from September to October (Fig. 3) . The gene expression of CitCCD1 also increased noticeably from September to October (Fig. 3) . The maximum levels of the gene expression of CitPSY and CitCCD1 in 'Kiyomi' tangor were much higher than those in the two other varieties. Increases in the gene expression of CitNCED2 and CitNCED3 were observed during fruit maturation in 'Kiyomi' tangor (Fig. 3) . In this variety, the maximum level of the gene expression of CitNCED2 was observed in September.
In 'Tamami' and 'Wilking' mandarin, simultaneous increases in the gene expression of CitPSY, CitPDS, CitZDS, CitLCYb, CitHYb, and CitZEP, which make up a set of genes producing β,β-xanthophylls, were observed from October to November (Fig. 3) . The maximum levels of the gene expression of CitPSY, CitZDS, and CitLCYb in 'Tamami' were much higher than those in 'Wilking' mandarin, whereas the maximum levels of the gene expression of CitHYb and CitZEP in 'Tamami' were much lower than those in 'Wilking' mandarin. The gene expression of CitCCD1 in 'Tamami' and 'Wilking' mandarin increased noticeably during fruit maturation (Fig. 3) . Increases in the gene expression of CitNCED2 and CitNCED3 were observed in 'Tamami' and 'Wilking' mandarin (Fig. 3) . The maximum levels of the gene expression of CitNCED2 in 'Tamami' and 'Wilking' mandarin were much higher than that in 'Kiyomi' tangor.
The gene expression of CitLCYe was observed, but the levels in the juice sacs were much lower than those Fig. 3 . Expressions of carotenoid biosynthetic genes (CitPSY, CitPDS, CitZDS, CitLCYb, CitHYb, and CitZEP) and carotenoid cleavage dioxygenase genes (CitCCD1, CitNCED2, and CitNCED3) in the juice sacs of three citrus varieties, 'Tamami,' 'Kiyomi' tangor, and 'Wilking' mandarin, during fruit maturation. The levels of gene expression of these genes were analyzed by TaqMan real-time quantitative RT-PCR. TaqMan MGB probes and sets of primers used for the analyses are shown in Table 2 . Data are means ± SD (n = 3). A, August; S, September; O, October; N, November; D, December; J, January; F, February.
in the flavedo in 'Tamami,' 'Kiyomi' tangor, and 'Wilking' mandarin throughout the experimental periods (data not shown).
Discussion
Carotenoid biosynthesis in 'Tamami,' 'Kiyomi' tangor, and 'Wilking' mandarin In the juice sacs of 'Tamami' and 'Wilking' mandarin, β,β-xanthophylls accumulated massively, accompanying simultaneous increases in the expression of the genes producing β,β-xanthophylls (Figs. 2 and 3) . Our previous study showed that simultaneous increases in the expression of the genes that produce β,β-xanthophylls were also observed in the juice sacs of satsuma mandarin and 'Valencia' orange, leading to the massive accumulation of β,β-xanthophylls (Kato et al., 2004) . Similarly, in the present study, simultaneous increases in the expression of the genes to produce β,β-xanthophylls were considered to lead to massive β,β-xanthophyll accumulation in the juice sacs of 'Tamami' and 'Wilking' mandarin.
In the juice sacs of 'Kiyomi' tangor, lower levels of β,β-xanthophylls than those in the two other varieties were observed to accumulate, although noticeable increases in the expression of genes that produce β,β-xanthophylls were observed even in the early maturation stage, September-October (Figs. 2 and 3) . In 'Kiyomi' tangor, it seemed that the noticeable increases in the gene expression of carotenoid biosynthetic genes did not lead to the rapid accumulation of carotenoids. Lois et al. (2000) reported that, in tomato fruit, an increase in the transcript accumulation of PSY1 preceded that of 1-deoxy-D-xylulose 5-phosphate synthase (DXS), which is the first enzyme of the MEP (methylerythritol 4-phosphate) pathway, which is the upstream pathway for carotenoid biosynthesis, in the early stage of ripening. They suggested that the low gene expression of DXS limited the supply of intermediates for carotenoid biosynthesis, consequently limiting carotenoid biosynthesis. In the juice sacs of 'Kiyomi' tangor, it could be assumed that the noticeable increases in the expression of carotenoid biosynthetic genes occurred before the increase in the gene expression of DXS. Recently, Alos et al. (2006) reported the expression of DXS, geranylgeranyl reductase (CHL P), and PSY genes in the flavedo of Citrus clementina during fruit maturation. With the transition of peel color from green to orange, the gene expression of DXS and CHL P decreased, whereas the gene expression of PSY increased in the flavedo. These results suggested that the balance between the gene expression related to the MEP pathway and carotenoid biosynthetic pathway seems to be important to accumulate a high level of carotenoids. Further studies are needed to investigate the expression of the genes related to the MEP pathway during fruit maturation in 'Kiyomi' tangor.
In mature fruit, a clear varietal difference in β,β-xanthophylls was observed in the juice sacs between 'Tamami' and 'Wilking' mandarin (Fig. 2) . The juice sacs of 'Tamami' accumulated β-cry as a major carotenoid, whereas the juice sacs of 'Wilking' mandarin accumulated all-trans-and 9-cis-violaxanthins as the major carotenoids. In a previous study, a varietal difference in β,β-xanthophylls was also observed in the juice sacs between satsuma mandarin and 'Valencia' orange (Kato et al., 2004) . The juice sacs of satsuma mandarin predominantly accumulated β-cry, whereas the juice sacs of 'Valencia' orange predominantly accumulated the violaxanthins. In these varieties, the expression balance between the upstream synthesis genes (CitPSY, CitPDS, CitZDS, and CitLCYb) and the downstream synthesis genes (CitHYb and CitZEP) was different (Kato et al., 2004) . The expression of upstream synthesis genes in satsuma mandarin was higher than that in 'Valencia' orange, whereas the expression of downstream synthesis genes in satsuma mandarin was lower than that in 'Valencia' orange (Kato et al., 2004) . In the present study, a similar expression balance was observed in the juice sacs of 'Tamami' and 'Wilking' mandarin. During the massive accumulation of β,β-xanthophylls (November-January), the expression of the upstream synthesis genes in 'Tamami' was higher than that in 'Wilking' mandarin, whereas the expression of the downstream synthesis genes in 'Tamami' was lower than that in 'Wilking' mandarin (Fig. 3) . These results suggested that the expression balance between the upstream synthesis genes and the downstream synthesis genes was important to determine the ratios of β-cry/violaxanthin in citrus fruit (Kato et al., 2004) . Therefore, 'Tamami,' whose expression was similar to that of satsuma mandarin, in which a high expression of upstream synthesis genes and a low expression of downstream synthesis genes, accumulated a high level of β-cry.
Carotenoid catabolism in 'Tamami,' 'Kiyomi' tangor, and 'Wilking' mandarin A noticeable increase in the gene expression of CitCCD1 was observed in the juice sacs of 'Kiyomi' tangor during the early maturation stage (Fig. 3) . Increases in the gene expression of CitCCD1 were also observed in the juice sacs of 'Tamami' and 'Wilking' mandarin (Fig. 3) . In our recent study, functional analyses showed that the recombinant CitCCD1 protein exhibited broad substrate specificity and catalyzed the cleavage reaction of β,β-xanthophylls (β-cry, zeaxanthin, all-trans-violaxanthin, and 9-cis-violaxanthin), which are major carotenoids in citrus fruit (Kato et al., 2006) . However, it is likely that the CitCCD1 enzyme did not affect the varietal difference of the carotenoid concentration and composition during citrus fruit maturation because no noticeable difference in the levels of the gene expression of CitCCD1 was observed among satsuma mandarin, 'Valencia' orange, and 'Lisbon' lemon in either the flavedo or juice sacs (Kato et al., 2006) . In addition, the CitCCD1 proteins did not contain a plastid-targeting sequence (Kato et al., 2006) . Therefore, CitCCD1 was not considered to affect the varietal difference of the carotenoid concentration and composition in the juice sacs of 'Tamami,' 'Kiyomi' tangor, and 'Wilking' mandarin even though increases in the gene expression of CitCCD1 were observed.
In the juice sacs of 'Tamami,' the level of 9-cisviolaxanthin remained almost constant (NovemberDecember), accompanying the increases in the gene expression of CitNCED2 and CitNCED3 (Figs. 2 and 3) . In the juice sacs of 'Wilking' mandarin, a decrease in the level of 9-cis-violaxanthin was observed (NovemberDecember), accompanying noticeable increases in the gene expression of CitNCED2 and CitNCED3 (Figs. 2  and 3 ). In the juice sacs of 'Kiyomi' tangor, a low level of 9-cis-violaxanthin was observed during maturation, accompanying the increases in the gene expression of CitNCED2 and CitNCED3 (Figs. 2 and 3 ). In our recent study, increases in the gene expression of CitNCED2 and CitNCED3 were observed in the juice sacs of satsuma mandarin, leading to a low level of 9-cisviolaxanthin (Kato et al., 2006) . Similarly, in the juice sacs of 'Lisbon' lemon, an increase in the gene expression of CitNCED2 was observed, leading to a low level of 9-cis-violaxanthin (Kato et al., 2006) . In contrast, 9-cis-violaxanthin was at a high level in the juice sacs of 'Valencia' orange because the gene expression of CitNCED2 remained at an extremely low level (Kato et al., 2006) . Furthermore, functional analyses showed that the recombinant CitNCED proteins, which contained plastid-targeting sequences, catalyzed the cleavage reaction of 9-cis-violaxanthin (Kato et al., 2006) . In citrus fruit, CitNCEDs are a determinant of the diversity of the carotenoid profile during maturation (Kato et al., 2006) . Therefore, in the present study, it was thought that the expression of CitNCED genes affected the 9-cis-violaxanthin concentration in 'Tamami,' 'Kiyomi' tangor, and 'Wilking' mandarin. In fact, no noticeable increases in the level of 9-cis-violaxanthin were observed after the increases in the gene expression of CitNCEDs in the three citrus varieties.
High β-cry accumulation in the juice sacs of 'Tamami'
The level of β-cry increased rapidly in the juice sacs of 'Tamami' (Fig. 2) . In October, 'Tamami' accumulated a much higher level of β-cry than 'Kiyomi' tangor and 'Wilking' mandarin (Fig. 2) . In 'Tamami,' the gene expression of CitZDS increased noticeably from September, accompanying the rapid increase in the β-cry level (Figs. 2 and 3) . In 'Tamami,' the gene expression of CitZDS may play an important role in the high level of β-cry accumulation during fruit maturation.
'Tamami' accumulated a higher level of β-cry (19.7 µg·g −1 in February) than its parental varieties, 'Kiyomi' tangor (6.7 µg·g −1 in February) and 'Wilking' mandarin (8.4 µg·g −1 in February), in the juice sacs (Fig. 2) . It is interesting to note that 'Tamami,' a variety accumulating a high level of β-cry, was the result of a cross between 'Kiyomi' tangor and 'Wilking' mandarin, varieties accumulating a low level of β-cry. The inheritance mechanism of 'Tamami' in the carotenoid concentration and composition is still unclear in the present study. However, it seems that the respective changing patterns of gene expression related to carotenoid biosynthesis and carotenoid catabolism in 'Tamami' were partly similar to that in 'Wilking' mandarin, although the levels of gene expression were different in 'Tamami' and 'Wilking' mandarin (Fig. 3) . It became clear that the juice sacs of 'Tamami' massively accumulated β-cry and that the level of β-cry in 'Tamami' (20.1 µg·g −1 in January) (Fig. 2) was much higher than that of satsuma mandarin (15.9 µg·g −1 in January) (Kato et al., 2004) . The level of β-cry in 'Tamami' increased continuously until January (Fig. 2) , whereas the level in satsuma mandarin increased until December (Kato et al., 2004) . In 'Tamami,' the expression of genes producing β,β-xanthophyll remained at high levels in November-January (Fig. 3) . In contrast, in satsuma mandarin, the expression of genes producing β,β-xanthophylls remained at high levels for less than three months (Kato et al., 2004) . The period in which a high level of gene expression was observed in 'Tamami' was longer than that in satsuma mandarin. It was thought that these differences in the respective changing patterns of the expression of the genes producing β,β-xanthophylls between 'Tamami' and satsuma mandarin affected the level of β-cry during fruit maturation.
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